We report observations of the J = (1-0) C 18 O molecular emission line toward the L977 molecular cloud. To study the correlation between C 18 O emission and dust extinction we constructed a gaussian smoothed map of the infrared extinction measured by Alves et al. (1998) at the same angular resolution (50 ) as our molecular-line observations. This enabled a direct comparison of C 18 O integrated intensities and column densities with dust extinction over a relatively large range of cloud depth (2 < A V < 30 mag) at 240 positions inside L977. We find a good linear correlation between these two column density tracers for cloud depths corresponding to A V ≤ 10 magnitudes. For cloud depths above this threshold there is a notable break in the linear correlation. Although optically thick C 18 O emission could produce this departure from linearity, CO depletion in the denser, coldest regions of L977 may be the most likely cause of the break in the observed correlation. We directly derive the C 18 O abundance in this cloud over a broad range of cloud depths and find it to be virtually the same as that derived for IC 5146 from the data of Lada et al. (1994).
We present 6 cm VLA observations of nine regions with molecular or HH outflows, that appear to be driven by young stellar objects of low bolometric luminosity. Radio continuum emission at 3.6 cm had been previously detected toward the center of symmetry of 13 outflows in these regions. With the new 6 cm observations we have been able to estimate the spectral index in the 6 cm to 3.6 cm wavelength range for 11 of these outflow central (Class 0 and Class I) sources. All the spectral indices obtained for these central sources are positive, and consistent with partially thick thermal free-free emission. We discuss this result in relation to the current models for the origin of cm radio continuum emission in outflow sources. In particular, we find that the observed flux densities of these sources fit very well in the observational correlation between the radio continuum luminosity and the momentum rate of the outflow (e.g., Anglada 1996) , and that the results are consistent with the central sources being thermal radio jets. Our data suggest that the ionized part of the jets begins at a distance ∼ <10 AU from the star. In addition, we have derived a positive value for the spectral index of the Herbig-Haro object 32A, indicative of partially thick thermal emission. For the remaining sources detected in the nine fields observed, our results indicate that the emission is, in general, non-thermal as expected for background extragalactic sources. However, a few of these sources could be related to the star-forming regions studied. ISO-SWS grating spectra are obtained towards the two Herbig Ae/Be stars MWC1080 and CoD -42
• 11721, showing hydrogen recombination lines of the Brackett, Pfund and Humphreys series. The observed line decrements in each spectral series are consistent with emission from ionized winds, as expected from these early-type stars. We compare the observed line emission with a wind model assuming a constant rate of mass flow from the star, which allows to consistently derive mass loss rate and distance of both stars. We also show that the observed decrements can only be explained by assuming a ionization bounded compact regions whose sizes are a few tens of the stellar radii.
Accepted by Astronomy and Astrophysics
The Ionization Fraction in Dense Molecular Gas II: Massive Cores Edwin A. Bergin, René Plume, Jonathan P. Williams, and Philip C. Myers
Harvard-Smithsonian Center for Astrophysics MS-66, 60 Garden Street, Cambridge, MA 021 38-1596, USA E-mail contact: ebergin@cfa.harvard.edu
We present an observational and theoretical study of the ionization fraction in several massive cores located in regions that are currently forming stellar clusters. Maps of the emission from the J = 1 → 0 transitions of C 18 O, DCO + , N 2 H + , and H 13 CO + , as well as the J = 2 → 1 and J = 3 → 2 transitions of CS, were obtained for each core. Core densities are determined via a large velocity gradient analysis with values typically ∼ 10 5 cm −3 . With the use of observations to constrain variables in the chemical calculations we derive electron fractions for our overall sample of 5 cores directly associated with star formation and 2 apparently starless cores. The electron abundances are found to lie within a small range, −6.9 < log 10 (x e ) < −7.3, and are consistent with previous work. We find no difference in the amount of ionization fraction between cores with and without associated star formation activity, nor is any difference found in electron abundances between the edge and center of the emission region. Thus our models are in agreement with the standard picture of cosmic rays as the primary source of ionization for molecular ions. With the addition of previously determined electron abundances for low mass cores, and even more massive cores associated with O and B clusters, we systematically examine the ionization fraction as a function of star formation activity. This analysis demonstrates that the most massive sources stand out as having the lowest electron abundances (x e < 10 −8 ).
Accepted by the Astrophysical Journal
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Multi-lines analysis of the spectra of Herbig Ae/Be stars
Jean-Claude Bouret and Claude Catala
Laboratoire d'Astrophysique de Toulouse, CNRS UMR 5572, Observatoire Midi-Pyrénées, 14 avenue Edouard Belin, F-31400 Toulouse, France E-mail contact: bouret@obs-mip.fr
We present the results of the study of four Herbig Ae/Be stars (AB Aur, BD+46
• 3471, HD250550, BD+61
• 154). For each of them, semi-empirical models of the structure of their winds have been constructed; we then calculated the Hα line, the Balmer discontinuity, as well as the C IV 1548Å and Mg II h or k resonance lines. Thanks to comparison with observational data, we have deduced constraints on the parameters of the models, which provide us with a rather good representation of the averaged structure of the winds. Despite of the time variability of these stars, we show that we can gather trustworthy informations on the values of the mass loss rates of these stars. It is also shown that models with departure from spherical symmetry are needed to account for the observed shapes of the lines. In addition, radiative losses due to several transitions (lines and continua) of hydrogen have been evaluated, in order to gain more insight in the energy sources that generate the observed activity of these stars. We have examined one of the key predictions of the magnetospheric infall model for Classical T Tauri stars (CTTS), namely, the formation of a shock on the stellar surface. We find that accretion column emission can successfully reproduce the main observational properties of the excess continuum that veils the absorption features in CTTS. This success adds further support to the magnetospheric infall model for disk accretion. We have calculated the structure and the spectral energy distribution of the emergent continuum emission from a shock at the base of the magnetospheric accretion column. We find that the spectral shape of the excess can be understood as optically thick emission from the heated photosphere below the shock, appearing mostly on the Paschen and Brackett continua, and optically thin emission from the pre-shock and attenuated post-shock regions, dominating at wavelengths shorter than the Balmer threshold. The accretion luminosity and rate depend on two parameters: the energy flux of the accretion flow, curf , and the surface coverage of the column, f , with typical values log curf ∼ 10.5 -11.5, of the order or up to a factor of 10 higher than the intrinsic stellar flux, and f ∼ 0.1 -1 % of the surface area. The so-called "continuum stars" have accretion columns with similar energy fluxes than the less veiled, typical CTTS but with much larger surface emitting areas of f ≥ 10 %. At near-infrared wavelengths, the predicted veiling from the accretion column for typical CTTS parameters is nearly constant and ≤ 0.1. Only for the "continuum stars" are significant amounts of near-infrared veiling from the accretion column expected. For accretion columns with low values of curf , the Paschen continuum emission has spectral features, rending the usual deveiling procedures uncertain. Magnetospheric flow Balmer emission may also contribute to the excess for stars with low-curf columns. Finally, accretion column emission can successfully reproduce the observed correlation between the excess luminosity at the U This correlation does not depend on the characteristics (mass, spectral type) of the underlying star, at least in the range M3 − K5.
Accepted by Ap. J. We report the detection of the doubly deuterated form of formaldehyde towards IRAS 16293-2422, an extremely young protobinary system. This is the only detection of D 2 CO in any astronomical source other than Orion (Turner 1990) . The line searched was that corresponding to the 4 2,2 − 3 2,1 transition at ν 0 = 236.102 GHz, and was detected at three positions, one centered on the source itself, and the other two 10 West and 10 East respectively. A survey of the literature revealed that two additional lines of D 2 CO at 245.532 and 342.522 GHz were detected towards IRAS 16293-2422, but classified as "unidentified".We failed to detect any signal towards the outflow (at offsets (-20 ;0 ) and (-30 ;+10 )) where low-J CO emission lines are quite strong. The line profiles at the three positions show a dip at the zero rest velocity. We rule out the possibility that this dip may be due to a pure kinematic effect and show that it is actually due to self absorption. The gas responsible for the D 2 CO emission is located at less than about 10 (∼ 2 · 10 16 cm) from the central source.
We used multi-transition H 2 CO observations of van Dishoeck et al. (1995) to estimate the density (n H2 ∼ 10 7 cm −3 ) and temperature (T ∼ 100 K) of the emitting gas. From those values, we can derive a lower limit to the column density required for the D 2 CO line we observed to be self-absorbed : N(D 2 CO) ∼ 10 14 cm −2 . Combining the previous and present observations of H 2 CO, HDCO and D 2 CO we obtain the following upper limits to the abundance ratios of the three species: [HDCO] We have used the NRAO Very Long Baseline Array to image water masers associated with the low-luminosity, young stellar object (YSO) IRAS 05413-0104 at four epochs over a period of ten weeks. The maser images show the detail of a symmetric, jet-like structure about 300 mas in extent. The 23
• position angle of the maser spot distribution is in excellent agreement with measured position angles for the observed larger scale H 2 and SiO emission distributions; radia l velocities are in agreement with SiO measurements showing redshifted gas to the southwest and blueshifted gas to the northeast. We have detected proper motions of numerous maser spots averaging 30±12 mas yr −1 implying space velocities of 64±27 km s −1 for a source distance of 450 pc. Some masers are located within a projected distance of 40 AU of the origin of expansion, the assumed position of the central source, suggesting that jet formation and acceleration takes place within this radius of the YSO. We compute an inclination of the outflow system to the plane of the sky of 4
• , based on the relative magnitude of the proper motions and radial velocities of the masers. VLBI observations of water masers in YSOs are clearly demonstrated to be interesting and competitive probes of the kinematics of the gas in YSO jets. , J = 5 2 , F = 3 − 3 and F = 2 − 2 excited OH emission at 6035 and 6031 MHz in W3(OH), we have analyzed the same transitions in three other ultra-compact HII regions, M17, ON1, and W51. The restoring beams were in the range 6 to 30 milliarc sec. The F = 3 − 3 and 2 − 2 hyperfine transitions of OH were both mapped in ON1. Seven 6035 MHz LCP or RCP maser components were identified in ON1. They are distributed over a region whose diameter is similar to that of the compact HII region, namely ≈ 0.4 − 0.5 arc sec. In contrast with the F = 3 − 3 line emission, the F = 2 − 2 transition at 6031 MHz is nearly an order of magnitude weaker than the peak 6035 MHz emission. In M17, we observed fringes only in the 6035 MHz line. The detected OH components appear to be projected on to the compact HII region. We report also on weak VLBI detection of the 6035 MHz emission from W51. This emission seems to be located between two active ultra-compact HII regions in a complex area which deserves further investigation. The 5 cm OH minimum brightness temperatures range from about 3 10 7 K in W51 to 8 10 9 K in ON1. Variability of the 6035 or 6031 MHz emission is well established and suggests that the 5 cm OH masers are not fully saturated.
Accepted by ApJ Letters
The high spectral and spatial resolutions achieved in this work allowed us to identify Zeeman pairs and hence to derive the magnetic field strength. In ON1 and W51 the field lies in the range 4 to 6 mG with a trend for higher field at 6031 MHz than at 6035 MHz in ON1. In M17 no Zeeman splitting was observed and the magnetic field appears to be weaker than 1 mG. We report new high resolution (0.6 − 1.7 ) images of GM Aur in the 12 CO J=2-1 line and the 1.3 and 2.7 mm continuum. The dust disk, located at the center of the CO disk, is resolved by the 0.6 beam of the interferometer. We derive a minimum radius of ∼ 200 AU, and a total mass (dust+gas) of about ∼ 0.025 M . Our CO observations also resolve the Keplerian rotation of the gas disk. Since the CO emission is optically thick, the CO data does not allow a disk mass measurement but we can estimate the dynamical mass of the system, i.e. the stellar mass, M * = 0.84 ± 0.05 × (D/140 pc) M although a solution with a more inclined disk and lower stellar mass (∼ 0.6 M ) is also possible. (14 ) is also presented. Molecular observations show that the star is located in a biconical cavity that has been very likely excavated by an energetic and bipolar outflow in an earlier evolutionary stage. The star is not located at the apex of this cavity but ∼ 50 towards the eastern lobe. At the present stage, there is no evidence for high velocity gas within the lobes of the cavity. However, the morphology of the HI emission, two filaments arranged in a ">" shape feature, and the bow shock located at the tip of one of these filaments, show that high velocity atomic gas is outflowing in a shell adjacent to the walls of the cavity in the eastern lobe. Since this high velocity atomic gas has not been detected in the western lobe, the outflow has a cometary shape. We propose that this outflow is formed when the atomic gas in the inner walls of the cavity is accelerated by the stellar wind. We present high sensitivity 3 aperture synthesis images of the DM Tau protoplanetary disk in the 12 CO J = 1 → 0 line. The images unambiguously reveal that the disk is rotating around the central star. To model the observations in terms of a rotating disk in hydrostatic equilibrium, we have developped a χ 2 fitting procedure which allows derivation of the disk parameters and their errors. Dependencies among the disk parameters are discussed in detail. The disk is large, with an outer radius of 850 AU. We find that the rotation curve is essentially Keplerian, at least up to 600 AU. The stellar mass derived from the rotation curve is 0.50 ± 0.06 M (D/150 pc). The intrinsic local velocity dispersion in the disk is found to be essentially thermal, with a turbulent component of less than 30 % of the thermal width. Parameters derived from this observation are used to confirm the molecular abundances and depletion factors estimated for several simple organic molecules by Dutrey et al (1997) We present new spectra obtained with the Faint Object Spectrograph aboard the Hubble Space Telescope of the HH 47A bow shock and Mach disk that cover the entire spectral range between 2220Å and 6810Å. In addition to emission lines seen previously from HH objects, we uncover over a dozen weak Fe II transitions in the ultraviolet. The flux ratios between these permitted lines can only be understood if transitions to the ground state are resonantly scattered within HH 47A. The expected column density of Fe II within HH 47A suffices to scatter these lines, though the scattering optical depths imply that the Fe II line broadening must exceed that expected from thermal motions. Excitation of ultraviolet Fe II occurs locally within HH 47A, probably from collisions within the hot postshock gas, and not from UV pumping from some nearby O-stars. The data show no evidence for significant depletion of Fe within HH 47A.
The emission lines fluxes and ratios indicate that jet material currently enters the Mach disk with a density of ∼ 350 cm −3 and a velocity of ∼ 40 km s −1 . The mass loss rate of the exciting star, as measured by the mass flux through the Mach disk, is 1.6 × 10 −8 M yr −1 . This mass loss rate is considerably lower than that closer to the star where the jet is brighter, probably because the density along the jet is highly nonuniform. A single shock velocity does not match the bow shock spectrum well. We propose that secondary shocks reheat the gas within the cooling zone of the HH 47A bow shock. Compression from the first shock will cause these secondary shocks to be strongly magnetized, and the secondary shocks should emit strongly in low-excitation lines such as Mg II, C II] and [S II]. The weak blue continua seen at optical wavelengths in spectra of the Mach disk and bow shock extend into the ultraviolet, and have spectral energy distributions and total fluxes consistent with those expected from 2-photon emission. We present observations of the 1.3 cm continuum and NH 3 (2,2) and (4,4) inversion lines toward the two ultracompact HII regions G45.12+0.13 and G45.47+0.05 with a resolution of about 3 . In G45.12+0.13 we find that the continuum emission from the ultracompact core is embedded in a larger region with an extent of about 20 × 10 . Compact absorption in the NH 3 (2,2) and (4,4) lines is detected against the bright continuum core. The ammonia data indicate T rot = 78 K and N(NH 3 ) = 1.4 × 10 16 cm −2 . The molecular gas traced by the NH 3 absorption is blueshifted by about 5 km s −1 with respect to the ionized gas and the bulk of the molecular gas in the region. Possibly the ammonia absorption traces the molecular gas at the base of an outflow which originates very close to the ultracompact HII region.
In the case of G45.47+0.05, we measure a deconvolved size of 1.5 × 0.8 for the region of 1.3 cm continuum emission. We detect extended emission in the NH 3 (2,2) line in the vicinity of the ionized gas. Compact absorption is detected in both the (2,2) and (4,4) line against the 1.3 cm continuum. The absorption line data indicate T rot = 59 K and N(NH 3 ) = 1.8 × 10 17 cm −2 . The ammonia absorption occurs at a velocity redshifted by about 3.5 km s −1 with respect to the emission. This supports the hypothesis of a remnant infalling molecular core onto the ultracompact HII region. 1979; Beckwith et al. 1990) show it to be surrounded by an optically-thick, edge-on circumstellar disk which extends to a radius of at least 50 AU. The images were taken using a modified speckle technique to achieve a linear resolution of of 8 AU. The disk is strikingly coherent, showing no evidence of any strong perturbation by the primary star. The disk is illuminated by the central star, and it hides the star from direct view. The small changes in vertical thickness with wavelength require a dust+gas mass > ∼ 10 −3 M . The relative position angles of the disk and the binary suggest that the disk probably does not lie in the plane of the binary orbit. We present the results of a survey for CS emission toward a sample of 47 Bok globules selected from the catalog of Clemens & Barvainis (1988) . The globules were observed at the FCRAO 14 m, the SEST 15 m, and the IRAM 30 m telescopes in the CS J=2→1 transition. Additionally, higher spatial resolution (11 prime prime−30 prime prime) observations in the CS J=3→2 and 5→4 lines, as well as the C 34 S J=2→1 and 3→2 lines, were carried out toward a subsample of 20 globules using the IRAM 30 m and the CSO 10 m telescopes. Two-thirds of the globules were detected in the CS J=2→1 line. The detection rate was higher in globules with IRAS sources (72%) than in globules without IRAS sources (44%). The detection rate was 100% for globules with embedded Class 0 and Class I infrared sources, dropping to 60% for Class II-D sources and to 40% for Class II sources. These results support the association of dense cores with IRAS point sources in Bok globules and indicate that the dense gas is most apparent in the early stages. We present CS maps of 12 globule cores and derive sizes for 9 CS cores. We present the first infrared interferometric observations of a young stellar object with a spatial projected resolution better than 2 AU. The observations were obtained with the Palomar Testbed Interferometer. FU Ori exhibits a visibility of V 2 = 0.72 ± 0.07 for a 103 ± 5 m projected baseline at λ = 2.2 µm. The data are consistent on the spatial scale probed by PTI both with a binary system scenario (maximum magnitude difference of 2.7 ± 0.5 mag and smallest separation of 0.35 ± 0.05 AU) and a standard luminous accretion disk model (Ṁ ∼ 6 × 10 −5 M yr −1 ) where the thermal emission dominates the stellar scattering, and inconsistent with a single stellar photosphere.
Accepted by ApJL
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The instability strip for pre-main-sequence stars We investigate the pulsational properties of Pre-Main-Sequence (PMS) stars by means of linear and nonlinear calculations. The equilibrium models were taken from models evolved from the protostellar birthline to the ZAMS for masses in the range 1 to 4 M . The nonlinear analysis allows us to define the instability strip of PMS stars in the HR diagram. These models are used to constrain the internal structure of young stars and to test evolutionary models. We compare our results with observations of the best case of a pulsating young star, HR 5999, and we also identify possible candidates for pulsational variability among known Herbig Ae/Be stars which are located within or close to the instability strip boundaries.
Accepted by The Astrophysical Journal (Letters) Does "τ ≈ 1" terminate the isothermal evolution of collapsing clouds?
H. Masunaga and S. Inutsuka
Division of Theoretical Astrophysics, National Astronomical Observatory, Mitaka, Tokyo 181-8588, Japan E-mail contact: masunaga@milano.mtk.nao.ac.jp
We examine when gravitationally collapsing clouds terminate their isothermal evolution. According to our previous work, the condition with which isothermality is broken down is classified into three cases, i.e., when, (1) the compressional heating rate overtakes the thermal cooling rate, (2) the optical depth for thermal radiation reaches unity, or (3) the compressional heating rate becomes comparable to the energy transport rate due to radiative diffusion. In the present paper this classification is extended to more general values of the initial cloud temperature T init and opacity κ, and we determine the critical densities with which these conditions are satisfied. For plausible values of T init and κ, we find that the isothermal evolution ceases when Case (1) or (3) is satisfied, and Case (2) has no significance. We emphasize that the condition of "τ ≈ 1" never terminates isothermality but non-isothermal evolutions begin either earlier or later depending on the initial temperature and opacity. This result contrasts with the conventional idea that opaqueness breaks isothermality.
On the basis of the critical density discussed above, the minimum Jeans mass for fragmentation, M F , is reconsidered. In contrast to the results by previous authors that M F is insensitive to T init and κ, we find that M F can be substantially larger than the typical value of ∼ 10 −2 M depending on T init and κ. In particular, M F increases with decreasing metallicity, M F ∝ κ −1 , for low-metal clouds. A cloud with κ = 10 −4 cm 2 · g −1 and T init = 10K yields M F = 3.7M . Finally, our critical densities would be helpful for hydrodynamic simulations which are intended to simply handle the hardening of the equation of state.
Accepted by the Astrophys. J. The observed correlations between magnitude, colors, and polarization degree can be explained by the combination of extinction by the clouds orbiting around R Mon and scattering by diffusely surrounding medium, as originally proposed by Grinin (1988) for Herbig Ae/Be stars. Since the time scale of variation is short (≈10 days), the orbiting clouds should be in the vicinity, i.e. ∼ <10 AU, of the star. The extinction by those clouds less depends on wavelength than that observed in the diffuse interstellar medium. The size of grains in the clouds may be larger than those in the diffuse interstellar clouds. Our Mie calculations show that the radius of grains may be in the range from 0.08 to 0.50µm. Alternatively, if the clouds are dense and opaque, 'gray' extinction may occur and explain the observation.
Simultaneous Polarimetry and Photometry of the Young Stellar Object R Mon
Accepted by Astron. J. Results of the integral-field spectroscopy of the young binary Haro 6-10 show the presence of an emission Herbig-Haro jet, superposed on the bright reflection nebula. Length of the jet is only 5 , its position angle is 195
• , radial velocity changes from −30 to −80 km s −1 . On the base of these observations and of the existing polarimetric and infrared data the northern (infrared) component of the Haro 6-10 system is suggested as a probable source of the outflow. We report on observations of Paβ and Brγ for a sample of classical T Tauri stars in Taurus, and find a tight correlation between the emission line luminosities and the accretion luminosity as measured from the hot continuum excess. We use the Brγ luminosity correlation to calculate accretion luminosities in highly-reddened young stars with existing line measurements. The distribution of accretion luminosities is similar in Taurus and Ophiuchus Class II sources. For the deeply embedded Class I objects, the accretion luminosities are in general less than the bolometric luminosities, which implies that the disk accretion rates are significantly lower than the envelope infall rates. We find that the central sources of many Class I objects are quite similar to their Class II counterparts.
Accepted by Astronomy and Astrophysics

A Brγ Probe of Disk Accretion in T Tauri Stars and Embedded Young Stellar Objects
Accepted by Astron. J. We propose that inward, subsonic flows arise from the local dissipation of turbulent motions in molecular clouds. Such "turbulent cooling flows" may account for recent observations of spatially extended inward motions toward dense cores. These pressure-driven flows may arise from various types of turbulence and dissipation mechanisms. For the example of MHD waves and turbulence damped by ion-neutral friction, sustained cooling flow requires that the outer gas be sufficiently turbulent, that the inner gas have marginal field-neutral coupling, and that this coupling decrease sufficiently rapidly with increasing density. These conditions are most likely met at the transition between outer regions ionized primarily by UV photons and inner regions ionized primarily by cosmic rays. If so, turbulent cooling flows can help form dense cores, with speeds faster than expected for ambipolar diffusion. Such motions could reduce the time needed for dense core formation, and could precede and enhance the motions of star-forming gravitational infall.
Accepted by Astrophysical Journal (Letters). Photometry and spectroscopy of the object Cha Hα 1, located in the Chamaeleon I star-forming cloud, show that it is a ∼ 10 6 -year-old brown dwarf with spectral type M7.5 to M8 and 0.04±0.01 solar masses. Quiescent x-ray emission was detected in a 36-killosecond observation with 31.4 ± 7.7 x-ray photons, obtained with the Röntgen Satellite (ROSAT), with 9 σ detection significance. This x-ray count rate corresponds to an x-ray luminosity of 2.57 × 10 28 ergs per second and an x-ray to bolometric luminosity ratio of 10 −3.44 . These are typical values for late M-type stars. Because the interior of brown dwarfs may be similar to that of convective late-type stars, which are well-known x-ray sources, x-ray emission from brown dwarfs may indicate magnetic activity.
ROSAT X-ray Detection of a Young Brown Dwarf in the Chamaeleon I Dark Cloud
Accepted by Science pre-prints by anonymous ftp from hpth03.mpe-garching.mpg.de in the directory ftp/pub/zwerge CS observations of the hotspot at the S 155/Cepheus B interface We have used the IRAM 30-m telescope to map, in the J=2-1, J=3-2 and J=5-4 rotational transitions of CS, the molecular hotspot located south-east of the Cepheus OB3 association, at the interface that divides the S 155 diffuse Hii region from the Cepheus B molecular cloud. We have also used the FCRAO 13.7-m telescope to map the larger scale CS(2-1) emission. The 1 × 1 segment that has been mapped at higher spatial resolution with the 30-m telescope covers four radio continuum sources, one of which (source A) is a blister-type Hii region. By using the CS molecule we analyse: i) the molecular density at the interface region and ii) the kinematics of the molecular gas at the front. The observations confirm that the blister has created a cavity at the edge of the molecular hotspot and is bounded on its sharp side by a dense mlecular front in pressure equilibrium with the ionized gas. The near-IR star at the centre of the blister (A-NIR) is responsible for its ionization and for the heating of the hotspot.
Accepted by Astron. Astrophys.
Deep near-infrared images and ISOCAM observations of Chamaeleon I We present the results of deep near-infrared imaging and ISOCAM observations of three selected regions localized in the northern part of the Chamaeleon I dark cloud, in order to search for the low-luminosity population. In an area of 3×3 square arcmin centered on the bipolar molecular outflow, which is the densest part of the cloud, we have discovered a new Class I source (here named ISOCAM-ChaIN a2) with a spectral index α=1.9 and the 1-18 µm luminosity of 0.6 L that is most probably responsible for the observed CO outflow.
The comparison between the observed K-magnitude distribution for this region with that obtained for a region outside the outflow and adjacent to the star HD 97300, could indicate the presence of a very low luminosity young stellar population in the dense st part of the cloud.
Accepted by Astron. J. Variable ejection velocity jet models can qualitatively explain the appearance of successive working surfaces in HerbigHaro (HH) jets. This paper presents an attempt to explore which features of the HH 34 jet can indeed be reproduced by such a model. From previously published data on this object, we find evidence for the existence of a 3-mode ejection velocity variability, and then explore the implications of such a variability. From simple, analytic considerations it is possible to show that the longer period modes produce a modulation on the shorter period modes, resulting in the formation of "trains" of multiple knots. The knots observed close to the source of HH 34 could correspond to such a structure. Finally, a numerical simulation with the ejection velocity variability deduced from the HH 34 data is computed. This numerical simulation shows a quite remarkable resemblance with the observed properties of the HH 34 jet.
Accepted by Astron. J. Using the IRAM 30-m telescope, we observed the supernova remnant 3C 391 (G31.9+0.0) and its surroundings in the 12 CO(2 → 1), HCO + (1 → 0), CS(2 → 1), CS(3 → 2), and CS(5 → 4) lines. The ambient molecular gas at the distance (9 kpc) of the remnant comprises a giant molecular cloud whose edge is closely parallel to a ridge of bright non-thermal radio continuum, which evidently delineates the blast-wave into the cloud. We found that in a small (0.6 pc) portion of the radio shell, the molecular line profiles consist of a narrow (2 km s −1 ) component, plus a very wide (> 20 km s −1 ) component. Both spectral components peak within 20 of a previously-detected OH 1720 MHz maser. We name this source 3C 391:BML (broad molecular line); it provides a new laboratory, similar to IC 443 but on a larger scale, to study shock interactions with dense molecular gas. The wide spectral component is relatively brighter in the higher-excitation lines. We interpret the wide spectral component as post-shock gas, either smoothly accelerated or partially dissociated and reformed behind the shock. The narrow component is either the pre-shock gas or cold gas reformed behind a fully dissociative shock. Using the 3 observed CS lines, we measured the temperature, CS column density, and H 2 volume density in a dense clump in the parent molecular cloud as well as the wide-line and narrow-line portions of the shocked clump. The physical conditions of the narrow-line gas are comparable to the highest-density clumps in the giant molecular cloud, while the wide-line gas is both warmer and denser. The mass of compressed gas in 3C 391:BML is high enough that its self-gravity is significant, and eventually it could form one or several stars.
Accepted by Astrophys. J. By means of numerical simulations we investigate the photoevaporation of protostellar disks. Here we concentrate on the evolution of disks under the influence of an external Lyman continuum radiation field. The morphological evolution is illustrated in detail for the case of a relatively massive disk exposed to a modest ionizing flux. Cometary tails develop and break off into filaments which leave the immediate vicinity of the disk with the evaporating flow. It evolves into a relatively undisturbed disk completely enveloped by the ionization front. A low mass star-disk system is used to investigate the dependence of the evolution on the distance from the ionizing source. Distances and external Euv flux are adapted to the situation of the proplyds close to the Trapezium star θ 1 Ori C. The low-mass system becomes extremely deformed through the asymmetrical illumination. The total mass of the disk fragments which break off during the cometary phase (∼ 2 × 10 4 yr) is of order 10% of the disk mass. With decreasing distance the densest parts of the disk remnant are more strongly disturbed. The dependence of the final photoevaporation rate on the distanceṀ ph ∝ d −1.1 is consistent with analytical models.
Photoevaporation of protostellar disks IV. Externally illuminated disks
For comparison with observations we use a 3D ray-tracing procedure to calculate spectra, continuum maps and Hα line profiles. During the cometary phase the elongated tails of the low mass system are recognizable at almost all frequencies ranging from the radio region to the near-infrared. Furthermore, the disk remnants viewed face-on from the direction of the source appear as round heads in Hα resembling this class of proplyds quite well.
Accepted by Astronomy & Astrophysics We describe observations of the 2.12 µm molecular hydrogen emission in Orion, using an IR Fabry-Perot interferometer with a spectral resolution of 24 km/s and a 2 spatial resolution, covering a region of 3.6'×3.6' (0.46×0.46 pc 2 ) that contains the H 2 filamentary finger system located to the northwest of the Trapezium. We develop a simple model to explain the observed low velocity structure as described by its radial moments: intensity, velocity centroid, velocity dispersion and skewness. We assume a strong wind of 230 km/s produced by IRc2 interacting with a set of molecular clumps with density of 5.6 × 10 5 cm −3 . This simple model provides a good match to the observed moments, gives clues to the development of filaments or fingers and entrainment of the molecular material, and associates the observed high velocity blueshifted emission to the region. The driving source of the wind requires a high mass loss rate and thus is likely IRc2. The H 2 line emission is produced by a slow J-shock (20 km/s) in the clumps with an emissivity proportional to v We suggest that ambient molecular gas is being entrained and shocked by an atomic flow. The position-velocity diagram along the central axis of HH 43 as seen in H 2 reveals a sinusoidal-like structure with a semi-amplitude of 8 km s −1 and a spatial wavelength of about 8000 A.U. A direct Hα image of HH 43 shows evidence for a morphological wiggle with a semi-amplitude of about 2 and which has the same spatial wavelength and phase seen in the 8 km s −1 kinematic oscillation. These data suggest that HH 43 may be produced by a precessing jet in a close pre-main sequence binary system. Possible system parameters are explored. 2, 7.7, 8.7, 11.3 and 12. 5 µm, with a very small contribution from continuum emission at longer wavelengths. We fit the spectra with a dust model including organic molecules such as polycyclic aromatic hydrocarbons, very small graphite and very small silicates, as well as large grains. The fit to the ISOCAM data is very good if one applies a classical oscillator model for the infrared emission bands. Our fitting procedure allows us to estimate the total mass of the ring, which is ∼0.03M . Its possible origin is briefly discussed. We employ a Monte Carlo radiation transfer code to investigate the multi-wavelength photopolarimetric variability arising from a spotted T Tauri star surrounded by a dusty circumstellar disk. Our aim is to assess the ability of the magnetic accretion model to explain the observed photopolarimetric variability of classical T Tauri stars, and to identify potentially useful observational diagnostics of T Tauri star/disk/spot parameters. We model a range of spot sizes, spot latitudes, inner disk truncation radii, and system inclination angles, as well as multiple disk and spot geometries. We find that the amplitude, morphology, and wavelength dependence of the photopolarimetric variability predicted by our models are generally consistent with existing observations; a flared disk geometry is required to reproduce the largest observed polarization levels and variations. Our models can further explain stochastic polarimetric variability if unsteady accretion is invoked, in which case irregular -but correlated -photometric variability is predicted, in agreement with observations.
We find that variability in percent polarization is by itself an unreliable diagnostic as certain system geometries do not produce any variability in linear polarization (contrary to the commonly held notion that hot spots will necessarily produce periodic polarimetric variability). Observations of variability in polarization position angle, however, could provide useful constraints on system inclination. The observation of wavelength-dependent polarization position angles, attributed by some to interstellar effects, is naturally explained by our models. Certain system geometries yield peculiar photometric light curve morphologies, the observation of which could also serve to constrain system inclination. We do not find useful diagnostics of disk truncation radius, nor do we find significant differences when we model the spots as rings. The selection procedure corrects the list of previously known astrometric and photometric B-and A-type members in these groups, and identifies many new members, including a significant number of F stars, as well as evolved stars, e.g., the Wolf-Rayet stars γ 2 Vel (WR11) in Vel OB2 and EZ CMa (WR6) in Col 121, and the classical Cepheid δ Cep in Cep OB6. Membership probabilities are given for all selected stars. Monte Carlo simulations are used to estimate the expected number of interloper field stars. In the nearest associations, notably in Sco OB2, the later-type members include T Tauri objects and other stars in the final pre-main sequence phase. This provides a firm link between the classical high-mass stellar content and ongoing low-mass star formation. Detailed studies of these 12 groups, and their relation to the surrounding interstellar medium, will be presented elsewhere.
Astrometric evidence for moving groups in the fields of R CrA, CMa OB1, Mon OB1, Ori OB1, Cam OB1, Cep OB3, Cep OB4, Cyg OB4, Cyg OB7, and Sct OB2, is inconclusive. OB associations do exist in many of these regions, but they are either at distances beyond ∼500 pc where the Hipparcos parallaxes are of limited use, or they have unfavorable kinematics, so that the group proper motion does not distinguish it from the field stars in the Galactic disk.
The mean distances of the well-established groups are systematically smaller than the pre-Hipparcos photometric estimates. While part of this may be caused by the improved membership lists, a recalibration of the upper main sequence in the Hertzsprung-Russell diagram may be called for. The mean motions display a systematic pattern, which is discussed in relation to the Gould Belt.
Six of the 12 detected moving groups do not appear in the classical list of nearby OB associations. This is sometimes caused by the absence of O stars, but in other cases a previously known open cluster turns out to be (part of) an extended OB association. The number of unbound young stellar groups in the Solar neighbourhood may be significantly larger than thought previously.
Accepted by Astronomical Journal, January 1999 issue
The Star Formation Newsletter is a vehicle for fast distribution of information of interest for astronomers working on star formation and molecular clouds. You can submit material for the following sections: Abstracts of recently accepted papers (only for papers sent to refereed journals, not reviews nor conference notes), Dissertation Abstracts (presenting abstracts of new Ph.D dissertations), Meetings (announcing meetings broadly of interest to the star formation and interstellar medium community), New Books (giving details of books relevant for the same community), New Jobs (advertising jobs specifically aimed towards persons within our specialty), and Short Announcements (where you can inform or request information from the community).
Latex macros for submitting abstracts and dissertation abstracts are appended to each issue of the newsletter.
The Star Formation Newsletter is available on the World Wide Web, where you can access it via the ESO Portal (http://http.hq.eso.org/eso-homepage.html). You can also access it through the University of Massachusetts Astronomy World Wide Web server, the URL for its home page is http://wwwastro.phast.umass.edu/ The magnetospheric accretion model for T Tauri stars provides a possible answer for the long standing problem in low mass star formation of how angular momentum is shed in order to keep the rotational velocities as low as observed despite accreting matter from a quasi-Keplerian accretion disk. Given its importance for a better understanding of T Tauri stars the model should be thoroughly tested observationally. The work presented in this Thesis tests some aspects of the magnetospheric accretion model by using high spectral resolution observations of near infrared hydrogen lines. The presence of winds in T Tauri stars and their possible influence on the line profiles of near infrared hydrogen lines is also investigated. These lines are optically thinner than the more commonly studied Balmer lines and may give better indications of accretion.
A sample of 50 T Tauri stars, mostly from the Taurus-Auriga complex, was chosen. Paβ line profiles were obtained for 49 of these stars and Brγ profiles for 37 of the stars in the sample. Emission at Paβ was observed for 41 stars and emission at Brγ was found for 30 stars. The most conspicuous features in the line profiles is the almost complete absence of blueshifted absorption components and the high frequency of inverse P Cygni profiles (IPC). At Paβ, 34% of the profiles are IPC while at Brγ 20% are IPC. The redshifted absorption features indicate infall at velocities of about 200 kms −1 , compatible with free fall from a few radii out as expected in a magnetospheric accretion picture. In general, line profiles are broad centrally peaked with slightly blueshifted line peaks. These observations are consistent with the Paβ and Brγ lines forming predominantly in infalling material. Radiative transfer calculations of the Paβ and Brγ line profiles in a very simplified spherically symmetric situation are discussed and the results compared with the observations. The identification of photospheric lines in the observed spectra allows the computation of the veiling at J for 75% of the observed stars and at K for 70% of the stars. Average values are r J = 0.56 and r K = 1.31. In the remaining 25% of the stars at J and 30% of stars at K no photospheric lines were identified, i.e. they were observed to be 'continuum' stars in the observed wavelengths regions. The implications of these results are discussed.
Thesis available through http://astro.up.pt/users/dfmf/Thesis/thesis.html Using smoothed particle hydrodynamics in combination with the special-purpose hardware device Grape, we numerically investigate the initial phases of the star-formation process. We follow the dynamical evolution and fragmentation of large regions within molecular clouds to form a cluster of protostellar cores. Adopting an isothermal description of self-gravitating gas, we show that even this simple model is able to explain many of the observed features of star-forming regions and identify the processes that dominate the formation and evolution of protostellar cores. The number of protostellar cores that form during the evolution is roughly proportional to the number of Jeans masses contained in the system initially. The overall dynamical behavior of the system is insensitive to the adopted initial conditions, since it evolves through a sequence of highly probabilistic events.
The interplay between self-gravity and gas pressure creates a complex network of clumps, sheets and filaments, and the subsequent evolution leads to the formation of a bound cluster of protostellar cores. These grow in mass via accretion from the available gas reservoir and are subject to highly unpredictable N -body interactions. The spatial and dynamical properties of the protostellar cluster are remarkably similar to the properties of observed young stellar clusters. Furthermore, we find that the angular momenta of protostellar cores are correlated with their location. The mass spectrum of gas clumps can be well approximated by a power-law distribution dN/dM ∝ M −1.5 , comparable to observed molecular clouds. In contrast, the mass spectrum of protostellar cores is best described by a log-normal distribution which peaks roughly at the overall Jeans mass of the system. With the appropriate scaling, this is in excellent agreement with the IMF for multiple stellar systems and suggests a star-formation efficiency which ranges from 5 -15 %.
